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(54) Inspection method and device 

(57) An algorithm for determining the movement of 
camera for automatic tracing of inspection positions is 
preset based on the characteristic shape of the compo- 
nent. A start point (S) and an end point (E) of inspection 
of lands (5) are designated to the camera, and the cam- 
era moves from the start point to the end point automat- 
ically along a predetermined path in accordance with 
the preset algorithm, thereby performing inspection of 
lands in succession. 



Fig. 2 B 



14 



Fig. 2 A 




©(B)® 



© 



Primed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



BNSDOCID: <EP 1048946A2 I > 



1 

Description 

[0001] The present invention relates to an inspec- 
tion method and device for inspecting electrodes of 
electronic components, lands on a printed circuit board 5 
substrate, or the condition of cream solder printed on 
the lands by means of a screen printing apparatus or 
the like. 

[0002] For production of electronic circuit boards, 
various types of electronic components 2-4 are to 
mounted on a printed circuit board substrate as shown 
in Fig. 3. Such components include, for example, a ball 
grid array (BGA) type chip 2 in which a multiplicity of 
electrodes are arranged in a matrix fashion, a quad flat 
package (QFP) type chip 3 in which a multiplicity of is 
electrodes are projected on four sides thereof, and 
small out-line package (SOP) type chip 4 with elec- 
trodes on both sides thereof. For bonding these compo- 
nents 2-4, lands 5-7 are preliminarily formed on the 
substrate, and cream solder is printed in register with 20 
these lands 5-7 with the use of a screen printing appa- 
ratus as shown in Figs. 4A and 4B. 
[0003] A screen 6 has apertures 9-1 1 al positions 
corresponding to each of the lands 5-7. A camera 12 is 
provided for taking images of the cream solder printed 25 
on the lands 5-7 on the substrate 1 . The images are 
then processed for the purpose of inspection. The cam- 
era 12 is constructed to be movable in X and Y direc- 
tions. Each of the positions of the lands 5-7 to be 
inspected is designated in advance to the camera, so 30 
that the camera moves automatically from one land to 
the other in succession for inspecting the lands. The 
camera 12 is connected to a video monitor, with which 
the image taken by the camera 12 is shown on the dis- 
play. 35 
[0004] Camera teaching of inspection positions is 
carried out as described below with reference to Fig. 8 
and Fig. 9. At step 1 (#1), a group of lands for mounting 
an electronic component to be inspected is selected. At 
step 2 (#2), an operator moves the camera while moni- 40 
toring the position of the camera on the video monitor 
1 3 to a position where the lands 5-7 to be inspected can 
be seen in the video monitor 13. The number of lands 
which will fit in the screen of the video monitor, or, the 
number of lands within the field of view of the inspection as 
screen provided by the camera 12 is limited as shown in 
Fig. 9 because of the resolution of the camera 12. 
Accordingly, after designating the initial inspection posi- 
tion, if it is judged at step 3 (#3) that there is a next 
inspection position to be designated, the procedure so 
returns to step 2, and the next inspection position is 
designated by moving the camera 12 in a similar man- 
ner as described above. The foregoing operation is 
repeated until inspection positions for all of the lands 
have been designated. 55 
[0005] For example, in the case of BGA type chip 2, 
each of the nine inspection positions arranged in a 
matrix fashion as shown in Fig. 6A are designated to the 
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camera by positioning the camera at each of the inspec- 
tion positions one after another. In the case of QFP type 
chip 3, each of the twelve inspection positions surround- 
ing the perimeter of the component in a rectangular 
fashion as shown in Fig. 8B are designated to the cam- 
era one after another. Such camera teaching of the 
inspection positions is necessary for all of the lands 5-7 
corresponding to all of electrodes on the electronic com- 
ponents 2-4 to be mounted on the substrate. Moreover, 
such camera teaching is done for inspection of both 
lands 5-7 on the substrate 1 and apertures 9-11 in the 
screen 8. 

[0006] However, there are quite a large number of 
lands for bonding electrodes of electronic components 
especially of the types mentioned above such as BGA, 
QFP, and SOP. Therefore, teaching of the inspection 
positions, or the position of the camera which deter- 
mines the field of view 14 of the inspection screen, 
takes time as it entails positioning of the camera at each 
of the inspection positions, with attendant loss in pro- 
duction. 

[0007] In view of the foregoing, an object of the 
present invention is to provide an inspection method 
and device, with which teaching operation of inspection 
positions for the camera to perform land inspection is 
simplified with enhancement in operation efficiency. 
[0008] To accomplish the above object, the present 
invention provides an inspection method for inspecting 
electrodes of electronic components or lands formed on 
a circuit board substrate corresponding to the elec- 
trodes of the electronic components to be mounted on 
the circuit board substrate, comprising the steps of: 
teaching an inspection starting point to a camera by 
positioning the camera at the inspection starting point 
where a predetermined number of electrodes or lands 
come within a field of view of the camera; and moving 
the field of view of the camera automatically in succes- 
sion along a predetermined path corresponding to the 
shape of the electronic component from the inspection 
starting point to an inspection end point by a preset 
algorithm. 

[0009] Preferred embodiments of the present inven- 
tion will be described with reference to the accomanying 
drawings, in which: 

Figs. 1A-1D are diagrams given in explanation of a 
method of teaching inspection positions of lands for 
a BGA type chip according to one embodiment of 
the present invention; 

Figs. 2A-2D are diagrams given in explanation of a 
method of teaching inspection positions of lands for 
a QFP type chip; 

Fig. 3 is a top plan view showing one example of 
arrangement of various components on a printed 
circuit board substrate; 

Fig. 4A is a top plan view and Fig. 4B is a vertical 
sectional front view showing a schematic construc- 
tion of a screen printing apparatus; 
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Fig. 5 is a diagram showing the construction of the 
control unit in the inspection device; 
Fig. 6 is a schematic diagram showing one example 
in which the inspection device is incorporated in a 
component mounting apparatus; 5 
Fig. 7 is a schematic diagram showing another 
example in which the inspection device is incorpo- 
rated in a component mounting apparatus; 
•Fig. 8 is a flowchart showing a conventional method 
of teaching inspection positions of lands; and w 
Figs. 9A and 9B are diagrams given in explanation 
of a conventional method of teaching inspection 
positions of lands, Fig. 6A showing the case of a 
BGA type chip, and Fig. 6B showing the case of 
QFP type chip. 75 

[0010] In the following embodiments, examples are 
shown wherein the inspection device of the present 
invention is incorporated in a screen printing apparatus 
for printing cream solder on lands on a printed circuit 20 
board substrate, but the present invention device can of 
course be provided independently of the screen printing 
apparatus for the purpose of inspecting the siatus of 
cream solder printed on lands. 

[0011] One embodiment of the inspection method 25 
according to the present invention is described below by 
referring to Fig. 1 and Fig. 2. The construction "of the 
printed circuit board substrate and the screen printing 
apparatus is substantially the same as that shown in 
Fig. 3 and Fig. 4 and described with respect to the prior 30 
art, and common elements are given the same refer- 
ence numerals. 

[0012] At first, an algorithm is set for moving the 
field of view of the inspection screen successively from 
a start point to an end point along a predetermined path 35 
corresponding to the characteristic shape of electronic 
component for which electrodes or lands are to be 
inspected. Next, the start point and end point of inspec- 
tion for automatic tracing of inspection screen positions 
are designated to the camera by positioning the inspec- 40 
tion screen at two positions corresponding to the start 
point and end point. In the case of the BGA type chip 2, 
two inspection screen positions are set at both ends of 
the diagonal of the substantially square-shape group of 
lands corresponding to the shape of the chip denoted at 45 
S and E as shown in Fig. 1A. In the case of the QFP 
type chip 3, two inspection screen positions are set at 
two adjacent positions at one corner as shown in Fig. 
2A. Although not shown, in the case of the SOP type 
chip 4 f two inspection screen positions are set at both so 
ends of the diagonal of the chip. 

[0013] The land inspection method in the case of 
the BGA type chip 2 is described in detail with reference 
to Figs. 1 A-1 D. When the teaching of inspection screen 
positions is effected by positioning the inspection 55 
screen at the start point S, the pitch spaces l„ l 2 
between left and right lands, and between upper and 
lower lands with respect to the lands 5, 5 at both ends 



within the field of view 14 of the inspection screen are 
calculated from the resolution of the camera. Based on 
the pitch spaces l 1( l 2 thus obtained, the amount of 
movement of the camera 12 to the next inspection 
screen position in the lefiward/rightward direction and 
upward/downward direction is determined. It should be 
noted that Figs. 1A-1D are top plan views and 
upward/downward direction in this description means a 
direction orthogonal to the leftward/right ward direction 
in Fig. 1A. 

[0014] The camera 12 first moves to the start point 
as taught, where inspection of lands 5 within the field of 
view 14 is carried out. The camera 12 then moves to the 
right hand side in Fig. 1A and Fig. 1B by the amount 
determined from the pitch \ A between left and right lands 
at the start point to the next inspection screen position. 
The camera 12 repeats the above actions likewise until 
it comes to a position where there is no land within the 
field of view 14 as shown in Fig. 1 D. When the camera 
comes to a position where no lands are detected, it 
moves downwards in Fig. 1 A by the amount determined 
from the pitch l 2 between upper and lower lands at the 
siart point, and further moves to the position right below 
the start point in Fig. 1A, where land inspection is 
started again. The camera then moves rightwards as 
inspection within one field of view is completed, and 
repeats the actions likewise in the order shown by the 
arrow in Fig. 1A and denoted at encircled numerals in 
Fig. 1 B. When the camera 1 2 reaches the end point and 
completes the inspection of lands within the field of view 
14, the inspection of all lands 5 is ended. 
[0015] When the camera 12 comes to a position 
where no lands come into the field of view, for example, 
after inspecting the position denoted at encircled 
numeral 3, the camera 1 2 may be moved downwards in 
the drawing by the predetermined pitch and then left- 
wards to the position encircled numeral 6, instead of 
moving the camera 12 back to the position immediately 
below the inspection start point denoted at S. That way, 
the movement amount of the camera 12 can be reduced 
to minimum and thereby the tact time can be 
decreased. 

[001 6] Next, the land inspection method in the case 
of the QFP type chip 3 is described in detail with refer- 
ence to Figs. 2A-2D. When the teaching of inspection 
screen positions is effected by positioning the inspec- 
tion screen at the start point S, the pitch space m 
between the lands 6, 6 at both ends within the field of 
view 1 4 of the inspection screen as shown in Fig. 2C are 
calculated from the resolution of the camera Based on 
the pitch m thus obtained, the amount of movement of 
the camera 12 to the next inspection screen position is 
determined. 

[0017] The camera 1 2 first moves to the start point 
as taught, where inspection of lands 6 within the field of 
view 14 is carried out. The camera 12 then moves to the 
right hand side in Fig. 2A by the amount determined 
from the pitch m between the lands at both ends at the 
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start point to the next inspection screen position. The 
camera 12 repeats the above actions likewise until it 
comes to a position where there is no land within the 
field ot view 14 as shown in Fig. 2D. When the camera 
comes to a position where no lands are detected, the 
movement ot automatic tracing is changed from left- 
ward/right ward direction to upward/downward direction, 
and the camera moves downwards in succession in Fig. 
2A by the amount determined from the pitch m, with 
land inspection being performed in each field of view of 
respective inspection screen positions. Next time when 
the camera comes to a position where there is no land 
within the field of view 14, the automatic tracing 
changes its direction from downwards to leftwards. Like- 
wise, the third time when the camera comes to a posi- 
tion where no lands are detected, the movement of 
automatic tracing is changed from leftwards to upwards. 
Thus the camera moves in the order as shown by the 
arrow in Fig. 2A and denoted at encircled numerals in 
Fig. 2B for continuous inspection of lands. When the 
camera 12 reaches the end point and completes the 
inspection of lands 6 within the field of view 14, the 
inspection of ali lands 6 is ended. 
[001 8] In the case of the SOP type chip 4, of which 
description in detail is omitted as it is similar to the 
above, two positions at both ends of the diagonal of the 
chip are designated as the start point and the end point, 
and the amount of movement of the camera to the next 
inspection screen position is determined from the pitch 
space m between the lands at both ends within the field 
of view at the start point. The camera 12 first moves 
rightwards in succession, and when it comes to a posi- 
tion where there is no land within the field of view 14, it 
moves to right below the start point along the line which 
passes the end point, and starts inspection by continu- 
ously moving rightwards toward the end point. 
[0019] According to the present invention, inspec- 
tion of lands is performed by automatic tracing of suc- 
cessive inspection positions in accordance with the 
characteristic shape of each chip to be inspected by 
only teaching the start point and the end point of the 
inspection to the camera. As compared to the conven- 
tional method which entails teaching of each of the 
inspection positions by positioning the camera at each 
of the inspection positions, the present invention 
method enables highly efficient inspection of lands. 
[0020] The present invention inspection device is 
basically constructed as shown in the schematic dia- 
gram of Fig. 5. The control unit includes a movement 
amount calculation means for calculating the pitch 
space between two lands based on images taken by the 
camera, and a memory means for storing a tracking 
algorithm for automatically moving the field of view of 
the camera in succession along a predetermined path. 
[0021] The above described inspection method can 
be applied to the inspection of apertures 9-1 1 formed in 
the screen 8 of the screen printing apparatus. 
[0022] Furthermore, the inspection method and 



device of the present invention having the construction 
as described above can also be applied for various 
inspection purposes in a component mounting appara- 
tus, as shown in Fig. 6 and Fig. 7. 

5 [0023] Specifically, as shown in Fig. 6, the present 
invention inspection method can favorably be applied to 
the inspection of the lands 24 and electrodes 22 after a 
component 20 has been mounted onto a circuit board 1 . 
Similarly, the status of the lands and the electrodes after 

io they have been reflow-soldered can also be inspected 
using the present invention inspection device. 
[0024] Furthermore, as shown in Fig. 7, the present 
invention inspection method can also favorably be used 
for inspecting the status of a component 30 or its elec- 

75 trodes during it is transported by a suction nozzle 34 
from a parts feeding section 32 onto the circuit board 1 . 
That is, the present invention can also be applied in the 
component mounting apparatus for the position correc- 
tion purpose, i.e., by inspecting the component or its 

20 electrodes in accordance with the present invention 
inspection method, it is possible to detect the amount of 
displacement of the component held on the suction noz- 
zle, and to correct the position ot the component so that 
it is mounted precisely at a predetermined position on 

25 the circuit board 1 . 

[0025] Next, a second embodiment of the inspec- 
tion method of the present invention will be described. 
[0026] In this embodiment, the total number of 
fields of view, i.e., the total number of positions at which 

30 the inspection screen of the camera needs to be located 
for inspecting all of the lands, is preliminarily obtained 
for each discrete type of component and stored in the 
memory means of the control unit. That is, for each type 
of component of which lands are to be inspected, the 

35 camera is moved to the designated start position, where 
the amount of movement is calculated from the pitch 
space between two lands within the field of view. The 
camera is moved successively from a position of one 
field of view to a next position of another field of view by 

40 the thus obtained amount along a predetermined path 
as described in the foregoing, and the total number of 
fields of view for inspecting all the lands for a specific 
type of component is obtained. 

[0027] Thus in the actual operation of inspection, 
45 the number of times that the camera is moved from one 
position to another is counted, this being compared to 
the stored data, and upon a predetermined number of 
times being reached, it is determined that all of the 
lands have been inspected, and the inspection opera- 
50 tion is ended. With this method, it is not necessary to 
designate the inspection end point at the initial stage of 
teaching the inspection start point to the camera, 
whereby the tact time for one cycle of inspecting an 
object is reduced, and operation efficiency is increased. 
55 [0028] Next, a third embodiment of the inspection 
method of the present invention will be described. 
[0029] In this embodiment, similarly to the previ- 
ously described embodiments, the inspection screen of 
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the camera is located and registered at the start posi- 
tion, where the pitch space between two lands is calcu- 
lated from the image data for determining the amount of 
movement of the camera for automatic tracing of the 
lands. The camera moves from one position, where the 5 
lands within the field of view are inspected, to a next 
position by the obtained amount. In this embodiment, 
instead of designating the inspection end point to the 
camera at the initial step, it is determined that the oper- 
ation should end on condition that there is no land within 1C 
the field of view when the camera moves to rightward 
and then returns to a position below the start point. That 
is, when the camera has reached the position denoted 
at encircled numeral 9 in Fig. IB, there will be no land 
within the field of view when the next time the camera 15 
moves rightwards and also when the camera move to a 
position below the position denoted at encircled 
numeral 7 in Fig. 1 B. Upon such conditions being met, it 
is judged that all of the lands have been inspected and 
the operation is ended. Not to mention, this method can 2 o 
advantageously be applied in the case of inspecting 
lands for BGA type chips or any other objects arrayed in 
a matrix fashion. 

[0030] In the case of inspecting lands for QFP 
chips, it is also possible to detect the end of operation, 25 
by the fact that the camera has made a round and 
inspected all four sides of collective lands and then 
comes to a position where no land is detected within the 
field of view. 

[0031] In either case, it is not necessary to desig- 30 
nate-the inspection end point at the initial stage of 
teaching the inspection start point to the camera, 
whereby the tact time for one cycle of inspecting an 
object is reduced, and operation efficiency is increased. 
[0032] Next, a fourth embodiment of the inspection 35 
method of the present invention will be described. 
[0033] Similarly to the previously described embod- 
iments, the inspection screen of the camera is located 
and registered at the start position, where the pitch 
space between two lands is calculated from the image 40 
data for determining the amount of movement of the 
camera for automatic tracing of the lands. The feature of 
this embodiment is that the pitch space obtained at the 
inspection start point is stored in the memory means of 
the control unit. This method is particularly advanta- 45 
geous in a case where a number of lands or electrodes 
of the same shape are to be inspected continuously. 
Judgement of the end point of inspection may be made 
in accordance with any of the first to third embodiment 
methods. Basically, for inspecting a number of lands or 50 
electrodes of the same type of component in succes- 
sion, the pitch space between the lands need not be cal- 
culated at the start point each time the inspection is 
started. Thus it is preferable that the fourth embodiment 
be used in combination with any of the foregoing 55 
embodiments for inspecting a group of lands of the 
same shape in a continuous manner. 



Claims 

1. An inspection method for inspecting electrodes of 
electronic components or lands formed on a circuit 
board substrate corresponding to the electrodes of 
the electronic components to be mounted on the 
circuit board substrate, comprising the steps of: 

teaching an inspection starting point (S) to a 
camera (12) by positioning the camera at the 
inspection starting point where a predeter- 
mined number of electrodes or lands (5-7) 
come within a field of view of the camera (14); 
and 

moving the field of view of the camera automat- 
ically in succession along a predetermined 
path corresponding to the shape of the elec- 
tronic component (2-4) from the inspection 
starting point to an inspection end point by a 
preset algorithm. 

2. The inspection method according to claim 1 
wherein at the time of teaching the inspection start- 
ing point to the camera, a pitch space between two 
electrodes or lands within the field of view of the 
camera is obtained for determining an amount of 
movement of the camera from a position to a next 
position for inspection along the predetermined 
path. 

3. The inspection method according to claim 2 
wherein at the step of teaching the inspection start- 
ing point to the camera, the inspection end point (E) 
is also taught to the camera by positioning the cam- 
era at the inspection end point. 

4. The inspection method according to claim 3 
wherein the group of lands (5) are formed in a 
matrix fashion thereby forming a substantially 
square shape corresponding to an electronic com- 
ponent (2) having a multiplicity of electrodes on 
entire surface thereof in a matrix fashion; and in the 
step of teaching the inspection starting point and 
inspection end point to the camera, two points at 
both ends of a diagonal of the square shape of the 
group of lands are designated as the starting point 
and the end point, whereby the camera automati- 
cally moves in succession by the amount corre- 
sponding to the obtained pitch space toward one 
direction from one inspection position to a next 
inspection position for inspecting one row of lands, 
and when completing inspection of the first row of 
lands, the camera moves on to a next row of lands 
for inspection thereof until it reaches the inspection 
end point 

5. The inspection method according to claim 3 
wherein the group of lands (6) are formed in a fash- 
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ion surrounding a square area corresponding to an 
electronic component (3) having a multiplicity of 
projecting electrodes on four sides thereof; and in 
the step of teaching the inspection starting point 
and inspection end point to the camera, two adja- 5 
cent points at one corner of the group of lands are 
designated as the starting point and the end point, 
whereby the camera automatically moves in suc- 
cession by the amount corresponding to the 
obtained pitch space toward one direction from one 70 
inspection position to a next inspection position for 
inspecting one row of the lands, and when complet- 
ing inspection of the row of lands, the camera 
changes its direction of movement at right angles 
and moves along for inspection of a next row of 15 
lands until it reaches the inspection end point. 

6. The inspection method according to claim 3 
wherein the group of lands (7) are formed in two 
spaced rows corresponding to an electronic com- 20 
ponent (4) having a multiplicity of electrodes on 
both sides thereof; and in the step of teaching the 
inspection starting point and inspection end point to 
the camera, two points at both ends of a diagonal 
connecting one end of one row of the lands to the 25 
other end of the other row of the lands are desig- 
nated as the starting point and the end point, 
whereby the camera automatically moves from the 
inspection starting point toward one direction for 
inspecting one row of the lands, and at an end of 30 
the row of lands, the camera moves on to the next 
row of lands for inspection thereof until it reaches 
the inspection end point. 

7. The inspection method according to claim 2, further 35 
comprising the steps of: 

inputting a total number of fields of view neces- 
sary to cover all of the electrodes or lands to be 
inspected, said total number of fields of view 40 
being preliminary obtained and stored; and 
counting the number of times the camera 
moves to one position to another along the pre- 
determined path and comparing said number 
with the stored total number of fields of view, 45 
wherein upon said total number of fields of view 
being reached, the inspection operation is 
ended. 



thereof, wherein the inspection operation is 
ended when no land is detected within the field 
of view successively at more than two inspec- 
tion positions. 

9. An inspection method for inspecting electrodes of 
electronic components or lands formed on a circuit 
board substrate corresponding to the electrodes of 
the electronic components to be mounted on the 
circuit board substrate, comprising the steps of: 

teaching an inspection starting point (S) to a 
camera (12) by positioning the camera at the 
inspection starting point where a predeter- 
mined number of electrodes or lands come 
within a field of view of the camera (14); 
inputting an amount of movement of the cam- 
era from one inspecting position to a next 
inspecting position along a predetermined 
path, said amount of movement being prelimi- 
narily obtained from a pitch space between two 
electrodes or lands within the field of view of 
the camera; and 

moving the field of view of the camera automat- 
ically in succession along the predetermined 
path corresponding to the shape of the elec- 
tronic component from the inspection starting 
point to an inspection end point by a preset 
algorithm. 

10. An inspection device for inspecting electrodes of 
electronic components or lands formed on a circuit 
board substrate corresponding to the electrodes of 
the electronic components to be mounted on the 
circuit board substrate, comprising: 

a camera (12) for taking images of the elec- 
trodes or lands; 

an inspection screen moving means for moving 
the field of view of the camera in succession 
from one point to a next point; and 
a control unit including a movement amount 
calculation means for determining an amount 
of movement of the field of view of the camera, 
and a memory means for storing a predeter- 
mined algorithm for moving the field of view of 
the camera corresponding to the shape of the 
electronic component. 



8. The inspection method according to claim 2, further so 
comprising the steps of: 

moving the camera in succession by the 
amount corresponding to the obtained pitch 
space toward one direction from one inspection 55 
position to a next inspection position for 
inspecting one row of lands, the camera mov- 
ing on to a next row of lands for inspection 



11. A screen printing apparatus comprising: 

a screen (8) having apertures (9-11) formed 
therein; 

means for printing cream solder on lands 
formed on a circuit board substrate (1) through 
said screen; and 

an inspection device for inspecting the lands 
(5-7) on the circuit board including a camera 
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(12) for taking images of the electrodes or 
lands, an inspection screen moving means for 
moving the field of view of the camera in suc- 
cession from one point to a next point, and a 
control unit including a movement amount cal- 5 
culation means for determining an amount of 
movement of the field of view of the camera, 
and a memory means for storing a predeter- 
mined algorithm for moving the field of view of 
the camera corresponding to the shape of the 70 
electronic component. 
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Fig. 2 A 



Fig. 2 B 
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